ABSTRACT
(Merck, Darmstadt, Germany); after that, test tubes were sealed with paraffin:vaseline (1:6) and 102 incubated for 7 days at 37°C. All media and supplements were purchased from Oxoid.
103
Microbiological counts were carried out in triplicate for all samples at each collection time.
104
DNA extraction, amplicon library preparation and pyrosequencing. Total DNA extraction from 105 the eleven rennet pools was carried out using the NucleoSpin® Food Kit (Macherey-Nagel GmbH were subjected to further phenotypic assays. Rods and cocci were grouped on the basis of cell 167 disposition, growth at 15 and 45°C, hydrolysis of arginine and esculine, acid production from 168 arabinose, ribose, xylose, fructose, galactose, lactose, sucrose, glycerol and CO 2 production from 169 glucose tested with the Durham's tubes. Cocci were also grouped for their growth at pH 9.2 and in 170 presence of 6.5 g/l NaCl to separate enterococci from other dairy cocci.
171
Strain differentiation and identification. The isolates were genetically processed to be 172 differentiated at strain level. The DNA from overnight cultures grown in the optimal conditions was 173 extracted by the Instagene Matrix kit (Bio-Rad, Hercules, CA) as described by the manufacturer.
174
Crude cell extracts were used as template DNAs for PCR. 
RESULTS

230
Microbiological analysis of the rennet pastes. The viable counts of the 12 microbial groups 231 investigated in the rennet samples are reported in cocci were almost superimposable to those of TMC. On average, TPC were at 1 -1.5 Log 10 CFU/g 237 lower than TMC. Clostridia, although at very low levels in some cases, were found in six rennets.
238
The highest levels of viable populations were registered for the rennet 12.
Microbial diversity. 
253
The other families or classes (when the consensus on the particular nomenclature was lacking)
254
detected at a certain percentage of abundance (>2% in several rennet samples) were Bacteroidia,
255
Clostridia, Prevotellaceae, Lachnospiraceae and Ruminococcaceae (Fig. 2) .
256
Analyzing the microbial diversity to deeper taxonomic assignment, genera and species identified by 257 pyrosequencing can be observed in the heatmap reported in Figure 3 . Only OTUs belonging to the 258 LAB group and occurring at >0.1% abundance in at least one sample were included. Eighteen Lactobacillus spp. were identified in most of the samples but a species level assignment was not 266 obtained ( Fig. 3) .
267
Rennet coagulation. The animal rennet pastes were evaluated for their coagulation parameters
268
( 
272
Acidifying capacity of rennet pastes. The capacity of the rennet pastes to acidify UHT milk was 273 evaluated by determining the changes of pH and TTA (Table S1 ). During the six days of 274 observation, the pH of the control trial, added with the filter sterilised liquid rennet, decreased 275 slower (from 6.70 at T0 to 6.29 after 6 days) than that of the trials added with the rennet pastes. 
283
The microbiological analysis of milk (Table S2) for TPC and TMC, the trial T11 displayed a low final concentration of LAB (5.1 Log 10 CFU/ml).
288
The trials T7 and T8 reached a final LAB load of approximately 10 7 CFU/ml, while 10 8 CFU/ml of LAB were found for all other trials. Except thermophilic coccus LAB for trial T8 and 290 psychrothrophic bacteria for trials T1-T3, T7-T9 and T12, all other differences from the control trial 291 were found to be statistically significant.
292
Isolation and phenotypic grouping of rennet LAB. Eighty-nine presumptive LAB colonies were 293 isolated from the milks acidified with the animal rennet pastes, which were subjected to the high- (Table S3 ). The most numerous group was group IV, including 14 isolates, respectively. No 299 isolate produced showed a heterofermentative metabolism. All three rod-shaped isolates grouped 300 together (group I) and were obligately homofermentative since the growth was scored negative in 301 the presence of pentose sugars. The isolates forming long chains of cocci formed group II.
302
Strain typing and identification of LAB. All presumptive LAB were analysed by RAPD-PCR.
303
The combination of the three RAPD patterns for each isolate indicated the presence of 32 different 304 strains in the resulting dendrogram (Fig. S1) . At the similarity level of 50%, four main clusters were 305 observed. The clusters A and C, with eight and five strains, respectively, included LAB 306 characterized by the phenotypic profiles IV -VII; cluster D only the strains included in the 307 phenotypic group IV; while cluster E those included in the phenotypic groups III and IV.
308
The 32 LAB were subsequently subjected to the 16S rRNA gene sequencing. 
324
Technological characterisation of LAB. All LAB were subjected to the technological screening.
325
The results of the acidification evaluated in UTH milk at the optimal growth temperature of each 326 LAB (results not shown) indicated that 10 strains determined a rapid pH drop (Fig. 4) . In particular,
327
Enterococcus spp. CGLBL100 determined a significant (P < 0.05) more rapid drop of pH than other
328
LAB within 8 h, even though, after 24 h, the lowest pHs were registered for Enterococcus spp. (Table S1 ). Even though Enterococcus spp. CGLBL100 was characterized by the fastest 333 acidification kinetics within 8 h from inoculation in milk, it was isolated from a 6-d fermented milk 334 that did not show a good acidification (Table S1 ). On the contrary, the strains CGLBL203 and
335
CGLBL213 that showed the lowest end-point pH were originating from the milk fermented with 336 rennets 5 and 4, respectively, that were among the most acidifying rennet paste samples (Table S1 ).
337
Autolysis of LAB showing acidifying aptitudes is reported in Fig. 5 . Only Enterococcus spp. pyrosequencing as up to date sensitive approach for the evaluation of microbial diversity (37).
390
Pyrosequencing shows a higher sensitivity and efficiency for the evaluation of microbial 391 biodiversity than other culture-independent PCR-based approaches such as electrophoretic methods
392
(37, 38). pyrosequencing. However, once in milk, these strains were able to develop rapidly and overcame 447 the other species that were found to be more abundant in rennets.
448
The isolates were characterised for their technological features. Besides the acidifying capability, 
582
Abbreviations: TPC, total psychrotrophic counts; TMC, total mesophilic counts; CPS, coagulase positive staphylococci; CNS, coagulase negative staphylococci; LAB, lactic acid bacteria.
583
The results represent mean values of six plate counts (carried out in triplicate for two independent sample collections within each location). 
Legend to figures.
601 Fig. 1 . Scheme of the analysis performed on rennet samples and LAB. 
